Understanding the patterns and mechanisms of precipitation variations is important for assessing flood and drought risks and for ensuring sustainable water use. Here, we analyzed the characteristics of annual precipitation changes in eight subregions of China using the Mann-Kendall test based on daily precipitation data from 774 rain gauge stations during 1961-2017. Then, we used the monthly precipitation concentration index (PCI) and daily concentration index (CI) to analyze precipitation concentrations. The results are as follows: (1) PCI and CI in northern China generally decreased with time, indicating a uniform precipitation distribution. Notably, the annual precipitation increased significantly in Xinjiang and the Qinghai-Tibet Plateau, which could alleviate future drought.
Introduction
Precipitation is a key component of the global water cycle. Changes in rainfall intensity, quantity, and spatiotemporal patterns often lead to extreme events such as droughts and floods. With the intensification of global climate change, changes in both global and regional natural precipitation characteristics [1, 2] have negatively affected the human living environment, economic and social development, and many other aspects [1, 3, 4] . The trend of significant increases or decreases in daily or monthly precipitation in most countries is directly related to changes in the same signs of the amount of precipitation during heavy and extreme precipitation events [5, 6] . The number of regions exhibiting a significant increase in extreme precipitation events is more than those exhibiting a significant decrease [7] , and the growth rate of short-duration extreme precipitation may be greater than that of long-duration extreme precipitation. Therefore, considerable attention has been paid Thus, a detailed analysis of precipitation concentration in China could enhance the understanding of the statistical characteristics of precipitation extremes and could provide support for making macro decisions about river affairs and the prevention of natural disasters.
Thus, the study performs a comprehensive analysis of the daily and monthly precipitation concentration degrees in China based on the PCI and CI indices, including an analysis of its temporal changes and spatial distribution characteristics from 1961 to 2017. The aims are as follows: (1) to investigate the spatial and temporal patterns of precipitation in China using the CI and PCI indices at different time scales; (2) to analyze the trends of the PCI and CI series using the Mann-Kendall trend test; and (3) to reveal the temporal evolution of precipitation concentration and the differences between typical regions of China. The findings of this study will provide a better understanding of precipitation characteristics and their potential implications for the prevention and response of drought and flood disasters in China.
Study Area and Data
China's vast territory, different landforms, and geographical locations create large differences in the climate between different regions of the country. Figure 1a shows the topographic variability of the digital elevation model (DEM). Considering the altitude, China can be roughly divided into three regions: (1) >3000 m, (2) 1000-3000 m, and (3) <1000 m. To analyze the spatial and temporal variations of precipitation concentration indices at different scales more clearly, as well as their mechanisms, we divided the mainland of China into eight regions according to Chen et al. [24] depending on the annual mean precipitation distribution [25] , mountain ranges [26] , and elevations. As shown in Figure 1a , the subregions are (1) Northeast China (NE), which belongs to a temperate monsoon climate, transitioning from humid/semi-humid to semiarid from southeast to northwest; (2) North China (NC), located north of the Qinling Mountains-Huaihe River line and with a temperate monsoon climate, a hot and rainy climate in summer, and a cold and dry climate in winter; (3) the middle and lower reaches of the Yangtze River region (CJ), which have a subtropical monsoon climate, a hot and rainy climate in summer, and a mild and rainy climate in winter; (4) Southeast China (SE), located in the southernmost part of China and has its northern boundary between middle subtropical and southern subtropical regions; (5) Northwest China (NW), which is bounded approximately by the 400-mm annual precipitation isoline; (6) Southwest China (SW), which is bounded by the Dabie Mountains to the north and the Wuyi Mountains to the east with a tropical monsoon climate; (7) Xinjiang (XJ) in central Asia, which is dominated by an arid or semiarid climate with less annual precipitation; and (8) the Qinghai-Tibet Plateau (Tibet), which is dominated by a plateau mountain climate with a high altitude, a complex topography, little rainfall, and larger regional differences.
The study area encompasses all of mainland China. The data comprises 24-h precipitation data of 824 stations nationwide (from 20:00 to 20:00) obtained from the China Surface Climate Data Set (V3.0) released by the National Climate Center (NCC) of the China Meteorological Administration (CMA). All data were quality controlled before release. Furthermore, homogeneity tests were also performed using the RclimDex software package (http://etccdi.pacificclimate.org/software.shtml). The software can pick out illogical data, such as precipitation values below 0 mm, that were treated as missing values. Due to the different observation starting time and the large number of missing measurements at some stations, many stations were excluded to guarantee the integrity of the data series. If the missing daily precipitation data of the station account for more than 5% of 57 years, the station will be excluded. Therefore, 1961-2017 data from 774 stations were selected. The missing values of selected stations were processed as follows: firstly, if values were missing no more than two days, the missing value was replaced by the average value of rainfall of adjacent days. However, if consecutive days were missing, values were estimated by a simple linear correlation based on data from neighboring stations (R 2 > 0.95) [16] . The meteorological stations used in this study did not include Hong Kong, Macao, or Taiwan.
consecutive days were missing, values were estimated by a simple linear correlation based on data from neighboring stations (R 2 > 0.95) [16] . The meteorological stations used in this study did not include Hong Kong, Macao, or Taiwan. 
Methodology

Monthly Precipitation Concentration Index
In this study, the modified PCI series was used to investigate monthly rainfall heterogeneity, which was modified by De Luis et al. [27] using the rainfall concentration index defined by Oliver [12] . The modified index is described as follows:
where is the monthly rainfall amount of month . According to Equation (1), if the annual precipitation is concentrated within a single month, PCI is equal to the maximum of 100. If the annual precipitation is evenly distributed throughout all 12 months, then PCI is approximately equal to 8, which is the minimum value. The PCI is estimated on an annual scale, which explains the degree of precipitation concentration during a given year. Annual PCI values below 10 represent a uniform distribution of the monthly rainfall or a low level of precipitation concentration for the year. PCI values ranging from 11 to 15 denote a seasonal distribution and a moderate precipitation concentration or relatively uniform precipitation distribution. PCI values between 16 and 20 mean that the monthly precipitation distribution is irregular and that more precipitation falls in only a few months. PCI values above 20 indicate a strongly irregular precipitation distribution throughout the year and correspond to climates with a substantial monthly rainfall variability. The PCI values obtained in this study are the average for each given year in the selected period, which can also be calculated using the monthly average precipitation during the study period.
Daily Concentration Index
The concentration index (CI) proposed by Martin-Vide [10] is used to assess variations in the proportion of daily precipitation compared to the total amount. The CI index can quantitatively evaluate the relative or percentage effects of different magnitudes of daily precipitation, especially those of the largest daily rainfall event. The CI index is based on the fact that the statistical distribution 
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where p i is the monthly rainfall amount of month i. According to Equation (1), if the annual precipitation is concentrated within a single month, PCI is equal to the maximum of 100. If the annual precipitation is evenly distributed throughout all 12 months, then PCI is approximately equal to 8, which is the minimum value. The PCI is estimated on an annual scale, which explains the degree of precipitation concentration during a given year. Annual PCI values below 10 represent a uniform distribution of the monthly rainfall or a low level of precipitation concentration for the year. PCI values ranging from 11 to 15 denote a seasonal distribution and a moderate precipitation concentration or relatively uniform precipitation distribution. PCI values between 16 and 20 mean that the monthly precipitation distribution is irregular and that more precipitation falls in only a few months. PCI values above 20 indicate a strongly irregular precipitation distribution throughout the year and correspond to climates with a substantial monthly rainfall variability. The PCI values obtained in this study are the average for each given year in the selected period, which can also be calculated using the monthly average precipitation during the study period.
Daily Concentration Index
The concentration index (CI) proposed by Martin-Vide [10] is used to assess variations in the proportion of daily precipitation compared to the total amount. The CI index can quantitatively evaluate the relative or percentage effects of different magnitudes of daily precipitation, especially those of the largest daily rainfall event. The CI index is based on the fact that the statistical distribution of daily precipitation compared to the total amount is generally adjustable by a negative exponential distribution [28] . This index is calculated by analyzing the cumulative percentage contribution of precipitation amount, Y, and the cumulative percentage of wet days, X. In this study, a rainy day is defined as a day with at least 0.1 mm of rainfall, and 1 mm of precipitation is used as the precipitation interval to classify the precipitation limits in ascending order. An irregularity of the rainfall distribution was measured by determining the percentage of rain contributed by days falling in each class. The percentage differences in the contribution of different classes of daily precipitation events to the total precipitation are associated with negative exponential curves, which are known as normalized rainfall curves [29] . Based on previous studies, the calculation method for CI is as follows:
1.
Classify the daily precipitation based on class limits; 2.
Count the number of rainy days in each class interval, and compute the associated amount of precipitation of each group; 3.
Calculate the cumulative summation of the output items in step 2; 4.
According to the results of step 3, the accumulated percentage of precipitation days (X) and the associative accumulated percentage of precipitation (Y) are obtained; 5.
Derive the exponential curve of X versus Y.
Martin-Vide [10] recommends the following exponential curve to match the empirical pairs of value (X i , Y i ), which are defined as
where a and b are the regression coefficients that can be determined by the least-squares method. Generally, the curve generated by Equation (2) is called the concentration curve or Lorenz Curve and has been used in many geographical regions, such as Italy [30] , South America [31] , Puerto Rico [32] , Asia [16] , South China [33] , and Sicily [15] . The formula is shown as the following:
After determining the constant a and b, the daily precipitation concentration index is defined as
where S is the area enclosed by the bisector of the quadrant and the polygonal line
and A is the definite integral between 0 and 100 of the exponential curves, which represents the area under the curve:
The CI value is the fraction of S in the area of the lower triangular area defined by the perfect distribution (45 • ) line and varies from 0 to 1. The area S, enclosed by the quadrantal bisector and exponential curve, provides an evaluation standard for the concentration degree. The larger the area, the greater the CI value and the higher the concentration degree, which means that more precipitation is concentrated in fewer rainy days.
To illustrate the CI index, we show data from three stations that display three different levels of CI using the Lorenz curve in Figure 2 To illustrate the CI index, we show data from three stations that display three different levels of CI using the Lorenz curve in Figure 2 . The stations are Yushu station in Qinghai province (33° N, 96°58' E), Nanjing station in Jiangsu province (31°55' N, 118°54' E), and Shenzhen station in Guangdong province (22°16' N, 113°34' E). Figure 2 compares the fitted concentration curve and the empirical curve and indicates that the simulated and observed cumulative percentages of rainy days match well. This means that Equation (1) 
Mann-Kendall Test
In this study, the Mann-Kendall nonparametric statistical test [34] was adopted to test and evaluate the temporal effect of the precipitation concentration index (PCI/CI) changes for trend detection, which has been widely used in the analysis of hydrometeorological variables, including water quality, flow, temperature, and rainfall series [35] [36] [37] . We also used it to determine the significance of the PCI and CI indices. Like many other trend analysis methods, the Mann-Kendall test assumes that the time series are stable, independent, and random with equal probability distributions. However, it has the advantage that it does not require data to follow a specific distribution and is insensitive to outliers [38, 39] . Consequently, many studies around the world have applied the Mann-Kendall method [40] [41] [42] [43] . 
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For the sequence X t = x 1 , x 2 , · · · , x n , the numerical value relationship of all dual values x i and x j x i , x j , j > i should be first determined (set as S). The statistics of the trend test are
where
18 (11) and n is the number of data points. When n is greater than 10, U MK converges to the standard normal distribution. The statistic Z is calculated as
Moreover, positive values of Z reflect an increasing trend, while a negative Z represents a decreasing trend. If |Z| > 1.96, the null hypothesis of no trend is rejected and the trend exhibits a 95%
Water 2019, 11, 881 7 of 16 significance level. Similarly, if |Z| > 1.64, the null hypothesis of no trend is rejected and the trend is at the 90% significance level. In this research, we analyzed the trends at the 0.05 and 0.1 significance levels.
Results and Discussion
Characteristics of Annual Precipitation
First, we analyzed the spatial distribution of annual precipitation in China from 1961 to 2017 for 774 stations (Figure 1b) . The annual precipitation ranges widely from 14-2700 mm and is distributed across China in a broad northwest to southeast gradient. The Mann-Kendall's test results show a clear variation trend of the total rainfall in China. There is an obvious spatial pattern of "increase-decrease-increase" in the annual precipitation from the southeast coastal area to the northwest inland area (Figure 3a) . Rain gauges predominantly show an increasing trend with time. precipitation variations is important for scientific reference value and for guiding water conservation projects such as "South to North Water Diversion" and other projects [48] . 
Spatiotemporal Patterns of PCI
The PCI proposed by Oliver [12] can effectively represent the distribution patterns of annual precipitation over a 12-month period. The spatial distribution of multiyear average PCI values is shown in Figure 4 , which is derived from the monthly precipitation data sets of each year from 1961 to 2017 using 774 national meteorological stations in China. The kriging spatial interpolation method is adopted to show the spatial distribution. The PCI values, which range from 11.3 to 42.3, exhibit an increasing trend from the coastal region to inland areas, excluding the northern region of Xinjiang (Figure 4) . The complex topography leads to different circulation features between the north and south of Xinjiang [49] , which results in a different rainfall distribution. Higher PCI values are predominantly observed in TP and XJ, whereas lower PCI values are mainly found in the coastal area of SE and CJ. The minimum PCI is 11.4 in Nanyue station of Hunan province (27°18' N, 112°42' E), while the maximum PCI is 42.2 at Lenghu station in Qinghai province (38°45' N, 93°19' E). According to the statistics, approximately 41.3% of the 774 stations show a negative trend, with 9.4% being statistically significant, and approximately 58.1% of all stations show a positive trend, with 16.0% being statistically significant. The rain gauges exhibiting a decreasing trend are concentrated in the middle part of China (eastern part of NW and southern part of NE, NC, and SW), whereas stations exhibiting an increasing trend are mainly centered in CJ, SE, TP, and XJ. It is notable that the region showing a decreasing trend constitutes a continuous arc from Liaoning to Yunnan and includes China's farming-pastoral transitional zone, which roughly coincides with the 400-mm annual rainfall isohyet and represents a climate transition zone. This indicates that the variation of the total rainfall in the climate transition zone is much more unstable. In the eastern part of China (NE, NC, CJ, and SE), the total rainfall increases in the south and decreases in the north, i.e., the spatial pattern corresponds to "southern waterlogging and northern drought" [44] . In the western part of China (NW, TP, and XJ), the spatial pattern exhibits a clear increasing trend, which is beneficial for easing severe drought conditions. Rainfall variability in the western part of China is predominantly affected by the significant seasonal characteristics of water vapor sources [45] and plays a key role in the occurrence of extreme drought and flood events. Considering the statistical significance (Figure 3b) , stations with positive trends prevail in the southeastern and western parts of China (CJ, SE, TP, and XJ). Furthermore, the significant positive trends are stronger than the significant negative trends.
However, regional differences in annual precipitation variations are strong (Figure 3 ). Ren [46] and Xiao [47] also reported that different periods show different spatial distributions. In brief, precipitation
in northeast China shows a consistent decrease, while southeastern coastal areas and northwestern China have increased since the 1990s. Analyzing the characteristics of annual precipitation variations is important for scientific reference value and for guiding water conservation projects such as "South to North Water Diversion" and other projects [48] .
The PCI proposed by Oliver [12] can effectively represent the distribution patterns of annual precipitation over a 12-month period. The spatial distribution of multiyear average PCI values is shown in Figure 4 , which is derived from the monthly precipitation data sets of each year from 1961 to 2017 using 774 national meteorological stations in China. The kriging spatial interpolation method is adopted to show the spatial distribution. The PCI values, which range from 11.3 to 42.3, exhibit an increasing trend from the coastal region to inland areas, excluding the northern region of Xinjiang (Figure 4) . The complex topography leads to different circulation features between the north and south of Xinjiang [49] , which results in a different rainfall distribution. Higher PCI values are predominantly observed in TP and XJ, whereas lower PCI values are mainly found in the coastal area of SE and CJ. The minimum PCI is 11.4 in Nanyue station of Hunan province (27 • According to Figure 4 , the monthly precipitation exhibits seasonal and uniform characteristics in CJ and SE, where the PCI values are less than 18.8. The PCI values in SW all are less than 20, and the annual precipitation distribution is also relatively uniform. The PCI values of most regions in NE, NC, and the eastern part of NW are greater than 20, indicating a heterogeneous distribution of the annual precipitation, with a certain degree of volatility and a high concentration degree. In the western areas of 100° E (XJ, TP, and the western part of NW), the PCI values are greater than 30, which indicates an extremely uneven distribution of the monthly precipitation. Conversely, in northern XJ and eastern TP, the PCI values are generally less than 20; thus, precipitation is less concentrated within the year.
The results of the Mann-Kendall trend test for the PCI series are shown in Figure 5a . The PCI values of most stations exhibit negative trends, but only a few stations pass the significance test. According to Table 1 , 245 stations are characterized by an increasing PCI, accounting for 31% of all According to Figure 4 , the monthly precipitation exhibits seasonal and uniform characteristics in CJ and SE, where the PCI values are less than 18.8. The PCI values in SW all are less than 20, and the annual precipitation distribution is also relatively uniform. The PCI values of most regions in NE, NC, and the eastern part of NW are greater than 20, indicating a heterogeneous distribution of the annual precipitation, with a certain degree of volatility and a high concentration degree. In the western areas of 100 • E (XJ, TP, and the western part of NW), the PCI values are greater than 30, which indicates an extremely uneven distribution of the monthly precipitation. Conversely, in northern XJ and eastern TP, the PCI values are generally less than 20; thus, precipitation is less concentrated within the year.
The results of the Mann-Kendall trend test for the PCI series are shown in Figure 5a . The PCI values of most stations exhibit negative trends, but only a few stations pass the significance test. According to Table 1 , 245 stations are characterized by an increasing PCI, accounting for 31% of all stations. The number of stations with a decreasing PCI is approximately twice those exhibiting an increasing trend. Thus, during the past 60 years, the PCI series in most parts of China has decreased and the distribution of monthly precipitation is generally more uniform, which is consistent with the research results of Duan et al. [14] . Significant decreases of the PCI series mainly occur in northern and western China (NE, NW, TP, and XJ), whereas significant increasing trends are predominantly distributed in SW, CJ, and SE (Figure 5b ). This indicates that intra-annual precipitation variability is becoming increasingly heterogeneous in SW, CJ, and SE. The PCI trend analysis results of subregions with a significance level equal to 90% or 95% (Table  1) show the percentage of rain gauges with a positive or negative trend. Some prominent differences are observed among the eight subregions. The positive significant trends are similar for all subregions, with only a few exhibiting statistical significance (7.4%). Conversely, NE, XJ, TP, and NW show a greater number of stations with negative significant trends (at least 24.5%). These zones are dominated by a strong irregular distribution of precipitation. Huang et al. [22] suggested that the decline in PCI might be due to the increasing rainy days that occur in the dry season.
Regarding the long-term relationship between the PCI index and annual precipitation, the PCI series shows a clear decrease in most areas of northern China (NE, XJ, and TP), yet annual precipitation has increased over the past 57 years ( Figure 6 ). This indicates that the precipitation distribution is generally uniform and that the amount of rainfall typically increases, i.e., the precipitation increases from previous rainless seasons in these regions. These characteristics could be conducive to maintaining soil moisture and crop growth in arid and semiarid areas. In NW and NC, the annual precipitation decreases slightly whereas PCI decreases remarkably, which indicates that the monthly precipitation in these regions becomes more regular. In CJ and SE, PCI increases slightly and the annual precipitation increases remarkably. If the PCI continues to rise and precipitation increases significantly, the potential for flood disasters will increase. In SW, the annual precipitation decreases significantly whereas the PCI increases slightly, and PCI exhibits a constant rise as precipitation decreases. This indicates that rainfall seasonality is enhanced in this region and is more likely to be concentrated in a few months. This could increase the difficulty of drought prevention and water resource management. The PCI trend analysis results of subregions with a significance level equal to 90% or 95% (Table 1) show the percentage of rain gauges with a positive or negative trend. Some prominent differences are observed among the eight subregions. The positive significant trends are similar for all subregions, with only a few exhibiting statistical significance (7.4%). Conversely, NE, XJ, TP, and NW show a greater number of stations with negative significant trends (at least 24.5%). These zones are dominated by a strong irregular distribution of precipitation. Huang et al. [22] suggested that the decline in PCI might be due to the increasing rainy days that occur in the dry season.
Regarding the long-term relationship between the PCI index and annual precipitation, the PCI series shows a clear decrease in most areas of northern China (NE, XJ, and TP), yet annual precipitation has increased over the past 57 years ( Figure 6 ). This indicates that the precipitation distribution is generally uniform and that the amount of rainfall typically increases, i.e., the precipitation increases from previous rainless seasons in these regions. These characteristics could be conducive to maintaining soil moisture and crop growth in arid and semiarid areas. In NW and NC, the annual precipitation decreases slightly whereas PCI decreases remarkably, which indicates that the monthly precipitation in these regions becomes more regular. In CJ and SE, PCI increases slightly and the annual precipitation increases remarkably. If the PCI continues to rise and precipitation increases significantly, the potential for flood disasters will increase. In SW, the annual precipitation decreases significantly whereas the PCI increases slightly, and PCI exhibits a constant rise as precipitation decreases. This indicates that rainfall seasonality is enhanced in this region and is more likely to be concentrated in a few months. This could increase the difficulty of drought prevention and water resource management. 
Spatiotemporal Variation Patterns of CI
The occurrence or a lack of heavy daily rainfall can change the rainfall structure of any given month, season, or year. The CI can be used to evaluate the distribution pattern of daily rainfall. The larger the CI value, the larger the contribution of heavy precipitation to total precipitation; thus, more rainfall will be concentrated in fewer days. Figure 7 shows the spatial pattern of annual CI for daily precipitation from 1961 to 2017 in China, which differs from that of PCI. The CI index ranges between 0.54 and 0.75 and decreases by almost three-tenths from the east to west, with slight variations from the south to north. The CI index is calculated using daily precipitation data, and days with low daily rainfall are more frequent in northern and western China. The majority of high CI values (generally greater than 0.66) are mainly observed in NE, NC, SW, CJ, and SE. Meanwhile, low CI values are mainly centered in TP because of the lack of rain in this region. The CI reaches a value of 0.75 in SE 
The occurrence or a lack of heavy daily rainfall can change the rainfall structure of any given month, season, or year. The CI can be used to evaluate the distribution pattern of daily rainfall. The larger the CI value, the larger the contribution of heavy precipitation to total precipitation; thus, more rainfall will be concentrated in fewer days. Figure 7 shows the spatial pattern of annual CI for daily precipitation from 1961 to 2017 in China, which differs from that of PCI. The CI index ranges between 0.54 and 0.75 and decreases by almost three-tenths from the east to west, with slight variations from the south to north. The CI index is calculated using daily precipitation data, and days with low daily rainfall are more frequent in northern and western China. The majority of high CI values (generally greater than 0.66) are mainly observed in NE, NC, SW, CJ, and SE. Meanwhile, low CI values are mainly centered in TP because of the lack of rain in this region. The CI reaches a value of 0.75 in SE at Xuwen station (20 • 19 N, 110 • 10 E) in Guangdong province but only 0.54 in TP at Xiao Zaohuo station (36 • 48 N,93 • 40 E) in Qinghai province. Tong et al. [23] found similar CI values with a broad northeast to southwest gradient. In a previous study, Martin-Vide [10] concluded that a CI value of up to 0.7 indicated that more than 80% of all precipitation fell on 25% of heavy precipitation days. Thus, areas with large CI values such as SE and SW have an extremely uneven distribution of daily precipitation. A high rainfall intensity observed in some regions of China is consistent with the high recorded rainfall concentrations. Waterlogging and drought often occur in a relatively short time in these areas but not necessarily in arid and semiarid areas such as NE. Zhang et al. [49] reported that rainfall changes in China were mainly controlled by the East Asian monsoons. The East Asian summer monsoon loses much of its moisture before it reaches northwestern China; therefore, the frequency of heavy rainfall events decreases from the southeast toward the northwest throughout China. However, large CI values are detected in NE and NC, which are not the result of high torrential rainfall but due to a large amount of low rainfall events, in which more than 70% of the total precipitation falls on 25% of rainy days. at Xuwen station (20°19' N, 110°10' E) in Guangdong province but only 0.54 in TP at Xiao Zaohuo station (36°48' N,93°40' E) in Qinghai province. Tong et al. [23] found similar CI values with a broad northeast to southwest gradient. In a previous study, Martin-Vide [10] concluded that a CI value of up to 0.7 indicated that more than 80% of all precipitation fell on 25% of heavy precipitation days. Thus, areas with large CI values such as SE and SW have an extremely uneven distribution of daily precipitation. A high rainfall intensity observed in some regions of China is consistent with the high recorded rainfall concentrations. Waterlogging and drought often occur in a relatively short time in these areas but not necessarily in arid and semiarid areas such as NE. Zhang et al. [49] reported that rainfall changes in China were mainly controlled by the East Asian monsoons. The East Asian summer monsoon loses much of its moisture before it reaches northwestern China; therefore, the frequency of heavy rainfall events decreases from the southeast toward the northwest throughout China. However, large CI values are detected in NE and NC, which are not the result of high torrential rainfall but due to a large amount of low rainfall events, in which more than 70% of the total precipitation falls on 25% of rainy days. Figure 8a shows the spatial distribution of the CI series trend, which indicates a heterogeneity across China. A decreasing trend is observed throughout the entire area and, in particular, in the central and eastern parts. An increasing trend is only observed in a few regions. As shown in Figure  8b , the significant negative trends are mainly concentrated in the eastern part of NE, NC, CJ, SE, and SW. Therefore, regions with high multiyear average CI values have decreasing precipitation concentration trends, suggesting that daily precipitation is becoming more well-distributed and that the contribution of heavy rainfall events is decreasing in these regions. The statistical characteristics of significant CI series trends in Figure 8b are represented in Table 2 . Table 2 reveals that more than 80% of the stations present negative trends, which are significant at 306 stations (up to 39.5%). Approximately 136 stations (up to 17.6%) show an increasing Mann-Kendall trend. However, the Figure 8a shows the spatial distribution of the CI series trend, which indicates a heterogeneity across China. A decreasing trend is observed throughout the entire area and, in particular, in the central and eastern parts. An increasing trend is only observed in a few regions. As shown in Figure 8b , the significant negative trends are mainly concentrated in the eastern part of NE, NC, CJ, SE, and SW. Therefore, regions with high multiyear average CI values have decreasing precipitation concentration trends, suggesting that daily precipitation is becoming more well-distributed and that the contribution of heavy rainfall events is decreasing in these regions. The statistical characteristics of significant CI series trends in Figure 8b are represented in Table 2 . Table 2 reveals that more than 80% of the stations present negative trends, which are significant at 306 stations (up to 39.5%). Approximately 136 stations (up to 17.6%) show an increasing Mann-Kendall trend. However, the majority of these stations is not statistically significant at the 0.1 or 0.05 levels. Comparing the results of Table 2 , some regions such as NW, SW, and XJ show remarkable increasing trends of up to 25.5%, 18.9%, and 41.8% respectively. These zones also contain more stations that are significant at the 90% or 95% confidence levels. The results show that the temporal distribution of daily precipitation in these regions is becoming more uneven.
Water 2019, 11, 5 881 13 of 18 majority of these stations is not statistically significant at the 0.1 or 0.05 levels. Comparing the results of Table 2 , some regions such as NW, SW, and XJ show remarkable increasing trends of up to 25.5%, 18.9%, and 41.8% respectively. These zones also contain more stations that are significant at the 90% or 95% confidence levels. The results show that the temporal distribution of daily precipitation in these regions is becoming more uneven. According to the relationship between the CI index and average annual precipitation (Figure 9 ), the increasing rates of annual precipitation in CJ and SE are larger than those in other subregions, whereas the decreasing trend of CI values is relatively significant. This indicates that more precipitation occurs on a greater number of rainy days. Moreover, the increase in the frequency of light rainfall in these areas may be larger than that of heavy rainfall. As a result, the contribution of heavy precipitation to the annual total precipitation is relatively small, which increases the homogeneity of the rainfall distribution as the CI index decreases. In SW, both the CI and annual precipitation decrease markedly, indicating that the decrease of rainfall events is relatively large. This is consistent with the continuous occurrence of severe drought hazards in the region in 2011. The mean annual precipitation in XJ and TP is generally less than 300 mm, but precipitation increases notably in these subregions, whereas no significant variations exist in the CI index. This indicates an According to the relationship between the CI index and average annual precipitation (Figure 9 ), the increasing rates of annual precipitation in CJ and SE are larger than those in other subregions, whereas the decreasing trend of CI values is relatively significant. This indicates that more precipitation occurs on a greater number of rainy days. Moreover, the increase in the frequency of light rainfall in these areas may be larger than that of heavy rainfall. As a result, the contribution of heavy precipitation to the annual total precipitation is relatively small, which increases the homogeneity of the rainfall distribution as the CI index decreases. In SW, both the CI and annual precipitation decrease markedly, indicating that the decrease of rainfall events is relatively large. This is consistent with the continuous occurrence of severe drought hazards in the region in 2011. The mean annual precipitation in XJ and TP is generally less than 300 mm, but precipitation increases notably in these subregions, whereas no significant variations exist in the CI index. This indicates an increasing number of wet days and a moderate rainfall distribution. In NC and NW, the annual precipitation decreases slightly, yet the CI index decreases, which indicates that the decrease of high-intensity precipitation is larger than that of light rainfall. In general, daily rainfall is more regular in western China, which may facilitate water resource management.
increasing number of wet days and a moderate rainfall distribution. In NC and NW, the annual precipitation decreases slightly, yet the CI index decreases, which indicates that the decrease of highintensity precipitation is larger than that of light rainfall. In general, daily rainfall is more regular in western China, which may facilitate water resource management. 
Comparison between PCI and CI Results in Eight Subregions
An accurate understanding and analysis of precipitation concentration provides an important reference for future research on agricultural production, the regional utilization and management of water resources, climate change, and the prevention and control of natural disasters, which have been frequent in recent years.
Due to the climate transition zone from northeast to southwest China, different climatic systems are the key mechanisms behind the different distribution patterns of precipitation concentrations observed in different subregions. Although the overall distribution of precipitation concentrations in China has an approximately uniform trend, the monthly and daily distributions of rainfall in different subregions exhibit different trends. The PCI and CI in northern subregions of China (NE, NC, NW, XJ, and TP) generally exhibit a downward trend, indicating a uniform precipitation distribution on both monthly and daily scales. However, the annual precipitation in XJ and TP increases significantly over the study period, which may be conducive to alleviating drought. However, in CJ and SE, PCI increases and CI decreases, indicating that rainfall is concentrated in a few months, yet daily rainfall during the rainy season tends to be homogeneous. Moreover, their CI values are higher, and the mean annual precipitation shows a clear increase. This indicates that a high rainfall intensity is consistent with a high rainfall concentration and that floods are more likely to occur. In SW, a significant increasing trend of PCI and an obvious decreasing trend of annual precipitation and CI indicate that drought hazards are more likely. In the future, the magnitude of extreme precipitation in China may not change significantly, but the frequency of extreme precipitation is likely to increase significantly in some regions. Overall, regional rainfall is largely influenced by topography and climatic 
Due to the climate transition zone from northeast to southwest China, different climatic systems are the key mechanisms behind the different distribution patterns of precipitation concentrations observed in different subregions. Although the overall distribution of precipitation concentrations in China has an approximately uniform trend, the monthly and daily distributions of rainfall in different subregions exhibit different trends. The PCI and CI in northern subregions of China (NE, NC, NW, XJ, and TP) generally exhibit a downward trend, indicating a uniform precipitation distribution on both monthly and daily scales. However, the annual precipitation in XJ and TP increases significantly over the study period, which may be conducive to alleviating drought. However, in CJ and SE, PCI increases and CI decreases, indicating that rainfall is concentrated in a few months, yet daily rainfall during the rainy season tends to be homogeneous. Moreover, their CI values are higher, and the mean annual precipitation shows a clear increase. This indicates that a high rainfall intensity is consistent with a high rainfall concentration and that floods are more likely to occur. In SW, a significant increasing trend of PCI and an obvious decreasing trend of annual precipitation and CI indicate that drought hazards are more likely. In the future, the magnitude of extreme precipitation in China may not change significantly, but the frequency of extreme precipitation is likely to increase significantly in some regions. Overall, regional rainfall is largely influenced by topography and climatic conditions. Compared with the eastern regions, the western, northern, and central regions have more regular rainfall, whereas southern regions exhibit the most intense rainfall.
Conclusions
An analysis of the spatial and temporal variability of the precipitation concentration is essential due to its high impact on extreme environmental phenomena such as floods and drought. In this study, the spatial and temporal characteristics of annual rainfall, PCI, and CI were analyzed from 1961-2017 on annual, monthly, and daily scales in China and its eight subregions. The PCI and CI reflect the heterogeneity of the monthly and daily precipitation distributions throughout the year, respectively. The main findings are as follows.
The distribution of annual rainfall is heterogeneous in China. The total annual precipitation in China increased only slightly, yet that in regional differences was substantial. The annual rainfall concentration decreased significantly in the middle part of China (eastern part of NW and southern part of NE, NC, and SW), whereas a significant increasing trend was observed predominantly in CJ, SE, TP, and XJ.
The seasonality of PCI was more pronounced in CJ and SE, while the monthly distribution of precipitation in other parts of China was very uneven, with a high concentration and instability. A significant decrease of the PCI values predominantly occurred in NE, NW, TP, and XJ with increasing precipitation, which indicates that the rainfall distribution was more uniform at the monthly scale and could help alleviate drought. A slight upward trend of the PCI series in CJ and SE with an increasing precipitation could lead to an increased risk of flood disasters. A significant increase in the PCI series occurred in the SW with decreased precipitation, which would intensify droughts in the region.
The highest CI values were predominantly observed in NE, NC, SW, CJ, and SE, whereas negative trends were more common in all other subregions. These areas exhibited an uneven distribution of the daily precipitation, which is often related to heavy rainfall events that cause flooding (except for arid and semiarid areas such as NE). Both the CI and annual precipitations decreased markedly in SW, indicating substantially less regular rainfall. On the contrary, TP and XJ showed an increasing trend of wet days and a moderate rainfall distribution, which may facilitate water resource management.
Combining the analysis results of the PCI and CI indices revealed a slightly uniform overall distribution in China. Compared with the eastern regions, the western, northern, and central regions have more regular rainfall, while the southern region has the most intense rainfall.
It should be pointed out that the meteorological stations in Northwest China and Qinghai-Tibet Plateau are rare and unevenly distributed, which may lead to some uncertainties in the analysis results.
